
I 

“Design, Synthesis, and Biological Evaluation of Pyrazolopyrimidine Derivatives" 

 

Thesis presented by 

 

Noura Sayed Hanafy 

B.Sc. 

Faculty of Pharmacy, Misr International University 

2007 

 

Submitted in Partial Fulfillment of Master Degree in Pharmaceutical Sciences 

(Pharmaceutical Chemistry) 

 

Supervised by 

 

Prof. Dr. Dalal Abou El Ella       

Professor of Pharmaceutical Chemistry 

Faculty of Pharmacy 

Ain Shams University 

Dr. Mohamed Kamal Abdel Hamid 

Associate Professor of Pharmaceutical 

Organic Chemistry 

Faculty of Pharmacy 

Cairo University 

 

Dr. Rabah Ahmed Taha 

Associate Professor of Pharmaceutical Chemistry 

Faculty of Pharmacy 

Ain Shams University 

 

 

Faculty of Pharmacy 

Ain Shams University 

2016 

 



Content  

 

II 

Acknowledgements 

It is a pleasure to express my sincere appreciation to Professor Dalal Abou El Ella, Professor of 

Pharmaceutical Chemistry, Faculty of pharmacy, Ain Shams University, for her scientific 

supervision, innovative ideas, fruitful opinion, invaluable advices, and continuous 

encouragement. I am indebted to her for her guidance and endless support throughout the whole 

work and during writing this thesis, which allowed this thesis to appear in its final form. 

I owe my truthful gratitude to Dr. Mohamed Kamal Abdel Hamid, Associate Professor of 

Pharmaceutical Organic Chemistry, Faculty of Pharmacy, Cairo University, for his continuous 

encouragement and tremendous support. I am heartily grateful to his indispensible opinion, real 

interest, trust, caring, eminent guidance, and untiring help throughout the whole work. 

I would like to express my sincere thanks to Dr. Rabah Ahmed Taha, Associate Professor of 

Pharmaceutical Chemistry, Faculty of Pharmacy, Ain Shams University, for her helpful patient 

supervision, real sharing, continuous help, and cooperation. 

I would like to express my sincere thanks to National Cancer Institute, USA for carrying out five 

dose anticancer activity. 

I would like to express my sincere thanks to Dr. Mai Tolba, Lecturer of Pharmacology & 

Toxicology department, Faculty of pharmacy, Ain Shams University, for carrying out anticancer 

biological assessment and Dr.Mohamed El Shorbagy, Lecturer of Pharmacology & Toxicology 

department, Faculty of pharmacy, Cairo University, for carrying out western blot technique. 

 

 

 

 

 

 

 

 



Content  

 

III 

Contents: 

Achnowledgement...........................................................................................................................II 

Content…………………………………………………………………………………………...III 

List of figures…………………………………………………………………………………….VI 

List of tables…………………………………………………………………………………....VIII 

List of abbreviation………………………………………………………………………………IX 

Abstract…………………………………………………………………………………………XII 

1. Introduction…………………………………………………………………………………………………………………………………….…1 

     1.1. Definition of Cancer………………………………………………………………………………………………………………...1 

     1.2. Etiology of cancer……………………………………………………………………………………………………………….…...3 

       1.2.1. Activation of proto-oncogenes………………………………………………………....3 

       1.2.2. Inactivation of tumor suppression gene…………………………………………… ....3 

     1.3. Treatment of cancer……………………………………………………………………….4 

        1.3.1. Antiproliferative agents acting on MCF-7 breast cancer and HCT-116  

               colon cancer……………………………………………………………………………..4 

        1.3.2. Drugs that inhibit signaling pathways for tumor cell growth and              

proliferation…………………………………………………………………………………….….5 

              1.3.2.1. Protein kinase……………………………………………………………………………………………………………..6 

            1.3.2.2. Cyclin-dependent kinases (CDKs)………………………………………………..7 

        1.3.3. Antiproliferative agents that enhance apoptosis ……………………………………...9     

           1.3.3.1. Definition of apoptosis…………………………………………………………....9 

           1.3.3.2. Significance of apoptosis………………………………………………………...10 

           1.3.3.3. Apoptosis and cancer…………………………………………………….............10 

           1.3.3.4. Phases of apoptosis……………………………………………………………....11 

           1.3.3.5. Apoptotic pathways……………………………………………………………...11 



Content  

 

IV 

        1.3.3.6. The mitochondrial signaling pathway………………………………………………………………………..12         

          1.3.3.7. Cell cycle phases…………………………………………………………………..13 

        1.3.3.8. Apoptotic Inducer……………………………………………………………….....14        

2. Rationale and Design………………………………………………………………………….17 

    2.1. Bioisosteric modification of the lead compounds………………………………..……...19 

    2.2. Hybridization between two pharmacophoric features…………………………………...19 

    2.3. Schemes for synthesis of the designed compounds……………………………………..22 

3. Results and discussion………………………………………………………………………...27 

   3.1. Chemistry………………………………………………………………………………….28 

      3.1.1. Scheme 1a-c…………………………………………………………………………...28 

      3.1.2. Scheme 2……………………………………………………………………………....35 

      3.1.3. Scheme 3……………………………………………………………………………....39 

     3.1.4. Scheme 4…………………………………………………………………………........40 

3.2. Biological evaluation………………………………………………………………………..43 

   3.2.1. Anti-proliferative activity……………………………………………………………….43 

      3.2.1.1. Anticancer screening at NIH, Bethesda, Maryland, USA………………………….43 

            3.2.1.1.1. Primary single high dose (10 µM) full NCI 60 cell panel in vitro assay ………43 

            3.2.1.1.2. In vitro five dose full NCI 60 cell panel assay…………………………………46 

    3.2.2. Antiproliferative activity against HCT-116 colon cell line…………………………….49 

    3.2.3. Antiproliferative activity against MCF-7 human breast cell line ……………………...56 

3.2.4. In vitro CDK2/Cyclin A protein kinase inhibitory activity……………………….……....59 

      3.2.4.1. Initial screening at single dose of 10 µM concentration…………………………….59 

      3.2.4.2. Determination of the fifth dose of compouns (IXd, IXe, IXh, IXi)………………....61 

    3.2.5. Cell growth inhibition study…………………………………………………………....62 

        



Content  

 

V 

3.2.5.1. Effect of the synthetic molecules VIIo and IXi on cell cycle progression 

 of HCT 116 tumor cell…………………………………………………………………………  62 

         3.2.5.1.1. Effect on apotosis regulators…………………………………………………. ...63 

       3.2.5.2. Effect of the synthetic molecules Xj and Xr on cell cycle progression of MCF-7 

tumor cell line…………………………………………………………………………………... 65 

       3.2.6. Western blot analysis………………………………………………………………. ..67 

   3.2.7. Modeling discussion…………………………………………………………………….69 

4. Conclusion…………………………………………………………………………….………75 

5. Experimental……………………………………………………………………………….….78 

   5.1. Chemistry………………………………………………………………………………….78 

        5.1.1. Material and instrumentation………………………………………………………...78 

        5.1.2. Synthesis……………………………………………………………………………..79 

           5.1.2.1. Scheme 1a-c……………………………………………………………………...79 

           5.1.2.2. Scheme 2………………………………………………………………………....90 

           5.1.2.3. Scheme 3………………………………………………………………………..112 

           5.1.2.4. Scheme 4………………………………………………………………………..121 

            5.2. Biological evaluation……………………………………………………………....133 

               5.2.1. Antitumor activity screening…………………………………………………...133 

                  5.2.1.1. Screening at NIH, Bethesda, Maryland, USA………………………… . ...133 

                  5.2.1.2. SRB cytotoxicity assay………………………………………………….....135 

              5.2.2. Invitro CDK2/Cyclin A protein kinase activity...................................................137 

            5.2.3. Cell cycle analysis…………………………………………….………………....138 

              5.2.3. Western blot analysis…………………………………………………………...139 

6. References…………………………………………………………………………………....142      

 

 



List of figures  

 

VI 

List of figures: 

Figure 1: Antiproliferative agents acting on MCF-7 breast cancer………………………………5 

Figure 2: Antiproliferative agents acting on HCT-116 colon cancer…………………………….5  

Figure 3. Anticancer drugs acting as CDK inhibitors…………………………………………....8  

Figure 4. Structures of reported pyrazolopyrimidines derivatives 12-15 as CDK2 inhibitors…9 

Figure 5.Cell cycle phases……………………………………..………………………………..13 

Figure 6. Drugs acting on apoptotic pathways……………………………………………………....15 

Figure 7. Design strategy of novel hybrid molecules VIIa-t and IXa-i ………………………..19 

Figure 8. Design strategy of N5- pyrazolo[3,4-d]pyrimidinone derivatives Xa-t……………...21 

Figure 9.Mechanism of formation of compound (IIIa-f)………………………………………31 

Figure 10.Mechanism of formation of compound (IVa-f)…………………………………….34 

Figure 11.Mechanism of formation of compound (Xa-t)………………………………………42 

Figure 12.Graphical representation of the dose response at each concentration(ug/ml)  for  

effect of synthetic molecules VIIa-e over HCT-116 cell line…………………………………...51 

Figure 13.Graphical representation of the dose response at each concentration(ug/ml)   

for effect of synthetic molecules VIIf-j over HCT-116 cell line………………………………...52 

Figure 14.Graphical representation of the dose response at each concentration(ug/ml)  

 for effect of synthetic molecules VIIk-o over HCT-116 cell line……………………………….52 

Figure 15.Graphical representation of the dose response at each concentration(ug/ml)  

 for effect of synthetic molecules VIIp-t over HCT-116 cell line……………………………….53 

Figure 16.Graphical representation of the dose response at each concentration(ug/ml)  

 for effect of synthetic molecules IXa-d over HCT-116 cell line………………………………..55 

Figure 17.Graphical representation of the dose response at each concentration(ug/ml)  

 for effect of synthetic molecules IXf-h over HCT-116 cell line……………………………….55 

Figure 18.Graphical representation of the dose response at each concentration(ug/ml)  

 for effect of synthetic molecules Xe-h over MCF-7 cell line………………………………….58 



List of figures  

 

VII 

Figure 19.Graphical representation of the dose response at each concentration(ug/ml)   

for effect of synthetic molecules Xm-p over MCF-7 cell line………………………………….58 

Figure 20.Effect of compound VIIo and IXi on DNA-ploidy flow cytometric  

analysis of HCT-116 cell……………………………………………………………………..….63 

Figure 21.The effect of Compound VIIo and IXi on the protein levels of PUMA in  

HCT-116 cells.........................................................................................................................64 

Figure 22.The effect of Compound VIIo and IXi on the protein levels of Bax in                

HCT-116 cells……………………………………………………………………………….…...64 

Figure 23.The effect of Compound VIIo and IXi on the protein levels of caspase-3 in  

HCT-116 cells……………………………………………………………………………………….…..65 

Figure 24.Effect of compound Xj and Xr on DNA-ploidy flow cytometric analysis of      

 MCF-7 cells…………………………………………………………………………………..…67 

 

Figure 25.Western blot for compound VIIo……………………………………………….........68 

Figure 26: 2D representation of the reported binding mode of Roscovitine (11) with CDK2 

active site (pdb: 3ddq)…………………………………………………………………………....70 

Figure 27: Docking pose of IXd (magenta) overlaid with Roscovitine (green) in the active site 

of CDK2 (pdb 3ddq)…………………………………………………………………………......71 

Figure 28: Docking pose of IXh (magenta) overlaid with Roscovitine (green) in the active site 

of CDK2 (pdb 3ddq)……………………………………………………………………………..72 

Figure 29: Docking pose of VIIe (magenta) overlaid with Roscovitine (green) in the active site 

of CDK2 (pdb 3ddq)……………………………………………………………………..............73 

 

 

 

  

 

 

 



List of tables 

VIII 

List of tables: 

Table 1: Comparison of yield between reported method and OVAMS conditions for  

IIIa-d …………………………………………………………………………………………….31 

Table 2: Comparison of yield between reported method and OVAMS conditions for  

IVa-d …………………………………………………………………………………………….33 

Table 3: Comparison of yield between reported method and OVAMS conditions for Va-d…36 

Table 4: Percentage cell growth inhibition of NCI 60 cancer cell lines displayed by final 

compounds (VIIf, VIIm, VIIo,Xj and Xr) ………………………………………………………43 

Table 5: NCI in vitro testing result of compound (VIIo) at five-dose level in µM……………..47 

Table 6: Results of the in-vitro cytotoxic activity ofpyrazolopyrimidines (VIIa-t) on colon 

carcinoma cell line (HCT 116)…………………………………………………………………..49 

Table 7: Results of the in-vitro cytotoxic activity ofpyrazolopyrimidines (IXa-i) on colon 

carcinoma cell line (HCT 116)…………………………………………………………………..54 

Table 8: Results of the in-vitro cytotoxic activity ofpyrazolopyrimidines (Xa-t) on breast 

carcinoma cell line (MCF-7)…………………………………………………………………….56 

Table 9: Percent inhibition of CDK2/Cyclin A enzymatic activity achieved by the  

target compounds at 10 µM……………………………………………………………………..59 

Table 10: The IC50 values for compounds (IXd, IXe, IXh, IXi)……………………………….61 

Table 11: Cell cycle distribution % of MCF-7 carcinomia cell line of compounds Xj and 

Xr..................................................................................................................................................65 

Table 12: Denisty of expressed protein p53, p21,p21, p16, CDK2 and Cyclin A compared with 

control ±SEM…………………………………………………………………………………...68 

Table 13: CDOCKER interaction energy and % of CDK2 inhibition of compounds VIIe, VIIo, 

VIIt, IXd, IXe, IXh and IXi in the active site of CDK2 (3ddq)………………………………...70 

Table 14: The surviving fraction of HCT-116 cells for 4 concentrations of each compound, 

(µg/mL) and their IC50 (µg/mL)………………………………………………………………..136 

Table 15: The surviving fraction of MCF-7cells for 4 concentrations of each compound, 

(µg/mL) and their IC50 (µg/mL)………………………………………………………………..137 

 



List of abbreviation 

IX 

List of abbreviations: 

AIF         Apoptosis inducing factor 

Apaf-1       Apoptotic protease activating factor 1 

ATP           Adenosine triphosphate 

BAK       Bcl-2 homologous antagonist/killer 

BAX       Bcl-2-associated-x-protein 

BR            Binding region  

BINAP      2,2'-Bis(diphenylphosphino)-1,1'-binaphthy 

CAK         CDK-activating kinase 

CDKs       Cyclin-dependent kinases 

CVMAOS    Closed-vessel microwave assisted organic synthesis 

DMSO-d6    Deuterated dimethyl sulphoxide 

DTP         Developmental Therapeutic Program 

EI             Electron impact 

ELISA     Enzyme Linked Immunosorbent Assay 

EtOAc     Ethyl acetate 

FBS          Fetal bovine serum 

GI50              Concentration of the compound causing 50% decrease in net cell growth 

Het-C      Heteroatom-Carbon 

IAP         Inhibitors of apoptosis 

IC50            Half-maximal inhibitory concentration 

kDa         Kilodalton 

LC50           Lethal concentration (Concentration of the compound causing net 50% loss of initial   

             cells                          

MAOS    Microwave assisted organic synthesis 



List of abbreviation 

X 

MCR       Multicomponent reaction 

MTP      Mitochondrial transmembrane potential 

MWO      Microwave Oven 

NCI       National Cancer Institute 

NF-кB   Nuclear Factor kappa Beta 

OD          Optical density 

OVMAOS    Open-vessel microwave assisted synthesis  

PBR        Phosphate-binding region 

PBS       Phosphate Buffered Saline 

PE         Petroleum ether 

PKs        Protein kinases 

PT          Permeability transition 

PUMA     P53 upregulated modulator of apoptosis 

RPMI       Roswell Park Memorial Institute medium 

SD           Standard deviation 

SN2Ar          Nucleophilic substitution 

SRB       Sulfo-Rhodamine-B 

TCA       Trichloroacetic acid 

TGI        Total growth inhibition 

TNF      Tumor necrosis factor 

TRAIL    Tumor necrosis factor-related apoptosis inducing ligand 

Tz           Time zero 

 

 



 

XI 

 

Abstract: 

Title of thesis: 

“Design, Synthesis, and Biological Evaluation of Pyrazolopyrimidine 

Derivatives" 

Name of candidate: 

 

Noura Sayed Hanafy 

Teaching assistant of Pharmaceutical Chemistry 

Heliopolis University 

 

Thesis supervised by: 

Prof. Dalal Abou El Ella 

Professor of Pharmaceutical Chemistry 

Faculty of pharmacy-Ain Shams University  

Dr. Mohamed Kamal Abdel Hamid 

Associate Professor of Pharmaceutical Organic Chemistry 

Faculty of pharmacy-Cairo University 

Dr.Rabah Ahmed Taha 

Associate Professor of Pharmaceutical Chemistry 

Faculty of pharmacy-Ain shams University  

  

 

 



 

XII 

 

  

 

 

 

  



Abstract 

XIII 

By adopting fragmonic and structural hybrid approache, a model of structural hybrid 

between pyrazolopyrimidine heterocylic cores and p-substituted diaryl shiffs base fragment was 

designed.  The design of small molecule was based on biologically multitarget cytotoxic lead 

structures like roscovitine, resveratrol to decrease drug resistance of cancer cells. The model 

reprsented by synthetic molecules VIIa-t and IXa-i were prepared by direct arylation of 4-

chloropyrimidine derivatives Va-f with p-substituted phenolic aldehyde or m-substituted 

phenolic aldehyde either by direct nucleophilic substitution or under metal catalyzed assisted 

synthesis then condensation of the aldehyde products VIa-f and VIIIa-f with different aromatic 

amines, another model Xa-t was designed through alkylation of NH group of 

pyrazolopyrimidinone IVa-f. All synthetic steps were performed under open vessel microwave 

assisted synthesis conditions. Five compounds (VIIf, VIIm, VIIo, Xj and Xr) were selected by 

National Cancer Institute “NCI” (www.dtp.nci.nih.gov); under the Developmental Therapeutic 

Program (DTP) USA for single dose screening program at 10 uM in the full 60 cell panel.  One 

compound (VIIo) was further screened at five different concentrations. All the target synthesized 

molecules (VIIa-t and IXa-i) were evaluated in vitro for their anti-proliferative activity against 

colon cancer cell line HCT-116 while synthetic molecules Xa-t screened against breast cancer 

MCF-7 at National cancer institute Egypt. Most of the synthesized compounds VIIa-t and IXa-i 

showed excellent antiproliferative activity ranging from 7.97 μM to 74.43 μM against HCT-116 

cell line, while N-alkylated pyrazlopyrimidinone (Xa-t) derivatives showed a range from 8.22 

and 34.78µM against MCF-7. In order to explore the mechanism of cytotoxicity, DNA-flow 

cytometry analysis for the effect of the molecules (VIIo, IXi) on HCT-116 cancer cell, which 

showed that these molecules arrested the cancer cells in G0/G1 phase, in addition, measurment 

of apoptotic regulator PUMA, BAX, caspase-3 level in colon cancer cell line after treatment with 

the molecule (VIIo, IXi) showed that they have a pro-apoptoitic activity compared with control. 

Also two compounds (Xj, Xr) from the second series were analyzed by cell cycle flow analysis 

where they showed cell cycle arrest of breast cancer MCF-7 mainly in Go/G1 phase. 

Furthermore, CDK2 kinases enzyme inhibition % assay was done for molecules (VIIe, VIIo, 

VIIt, IXd, IXe, IXh, IXi) and IC50 for the molecules (IXd, IXe, IXh, IXi) showed selective 

inhibition CDK2. Finally,to investigate cell cycle arrest of HCT-116 due to effect of synthetic 

molecule, western blot analysis for expression of CDK-2, cyclin A, P53, P21 and P27 was 

performed in dose dependant manner that suggested this molecule (VIIo)  may be  CDK  

http://www.dtp.nci.nih.gov/
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pathway inhibitor one of its targets. As conclusion, in this investigation, a different series of 

pyrazolopyrimidine derivatives were discovered as potential cytotoxic agents against HCT-16 

and MCF-7 cancer cells.   

The structures of final compounds were confirmed by various spectral and microanalytical data. 

The study involved the synthesis of the following reported unavailable 

intermediates:  

 

1] 4-Methoxyphenyl hydrazine (Ib)  

2] 4-Chlorophenyl hydrazine (Ia) 

3] Ethoxymethylidene malononitriles (IIa) 

4] Ethoxyethylidene malononitriles (IIb) 

The study involved the synthesis of the following reported unavailable 

intermediates under OVAMS as noval procedure to literature:   

1] 5-Amino-1-phenyl-1H-pyrazole-4-carbonitrile (IIIa) 

2] 5-Amino-3-methyl-1-phenyl-1H-pyrazole-4-carbonitrile (IIIb) 

3] 5-Amino-1-(4-chlorophenyl)-1H-pyrazole-4-carbonitrile (IIIc) 

4] 5-Amino-1-(4-chlorophenyl)-3-methyl-1H-pyrazole-4-carbonitrile (IIId) 

5] 5-Amino-1-(4-methoxyphenyl)-1H-pyrazole-4-carbonitrile (IIIe) 

6] 5-Amino-1-(4-methoxyphenyl)-3-methyl-1H-pyrazole-4-carbonitrile (IIIf) 

7] 1-Phenyl-1H-pyrazolo[3,4-d]pyrimidin-4(5H)-one (IVa) 

8] 3-Methyl-1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4(5H)-one  (IVb) 

9] 1-(4-Chlorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-4(5H)-one  (IVc) 

12] 1-(4-Chlorophenyl)-3-methyl-1H-pyrazolo[3,4-d]pyrimidin-4(5H)-one  (IVd) 

13] 4-Chloro-1-phenyl-1H-pyrazolo[3,4-d]pyrimidine (Va) 

14] 4-Chloro-3-methyl-1-phenyl-1H-pyrazolo[3,4-d]pyrimidine (Vb) 

15] 4-Chloro-1-(4-chlorophenyl)-1H-pyrazolo[3,4-d]pyrimidine (Vc) 
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16] 4-Chloro-1-(4-chlorophenyl)-3-methyl-1H-pyrazolo[3,4-d]pyrimidine (Vd) 

In addition, the study involved the synthesis of the following novel 

intermediates. 

1] 4-Chloro-1-(4-methoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidine (Ve) 

2] 4-Chloro-1-(4-methoxyphenyl)-3-methyl-1H-pyrazolo[3,4-d] pyrimidine (Vf) 

3] 1-(4-Methoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4(5H)-one  (IVe) 

4] 1-(4-Methoxyphenyl)-3-methyl-1H-pyrazolo[3,4-d]pyrimidin-4(5H)-one  (IVf) 

5] 4-(4-Methanoylphenoxy)-1-phenyl-1H-pyrazolo[3,4-d]pyrimidine (VIa) 

6] 4-(4-Methanoylphenoxy)-3-methyl-1-phenyl-1H-pyrazolo[3,4-d]pyrimidine (VIb) 

7] 1-(4-Chlorophenyl)-4-(4-methanoylphenoxy)-1H-pyrazolo[3,4-d]pyrimidine (VIc) 

8]1-(4-Chlorophenyl)-4-(4-methanoylphenoxy)-3-methyl-1H-pyrazolo[3,4-d]pyrimidine 

(VId)  

9] 4-(4-Methanoylphenoxy)-1-(4-methoxyphenyl)-1H-pyrazolo[3,4-d] pyrimidine (VIe) 

10] 4-(4-Methanoylphenoxy)-1-(4-methoxyphenyl)-3-methyl-1H-pyrazolo[3,4-d] pyrimidine 

(VIf)  

11] 1-(4-Chlorophenyl)-4-(3-methanoylphenoxy)-1H-pyrazolo[3,4-d] pyrimidines (VIIIa)  

12]1-(4-Chlorophenyl)-4-(3-methanoylphenoxy)-3-methyl-1H-pyrazolo[3,4d]pyrimidines 

(VIIIb) 

13] 4-(3-Methanoylphenoxy)-1-(4-methoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidines (VIIIc)  

14] 4-(3-Methanoylphenoxy)-1-(4-methoxyphenyl)-3-methyl-1H-pyrazolo[3,4-d] pyrimidine 

(VIIId) 

Also, the study involved the synthesis and characterization of the following 

new target compounds: 

 

1]1-(4-Chlorophenyl)-4-[4-(phenyliminomethyl)phenoxy]-1H-pyrazolo[3,4-d]pyrimidine 

(VIIa) 

2]4-[4-(4-Bromophenyliminomethyl)phenoxy]-1-(4-chlorophenyl)-1H-pyrazolo[3,4-d] 

pyrimidine (VIIb) 


